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Studies on Nitrobenzene Metabolism by a Comamonas sp. Strain JS7651 

Daniel J. Lessner and David T. Gibson 

Department of Microbiology, The University of Iowa, Iowa City, IA 52242 

Introduction 

Nitroaromatic compounds are very seldom produced by biosynthesis. However, there is an 

increasingly large amount of nitroaromatic compounds present in the environment due to industrial 

processes. Nitroaromatics are used as solvents and in a variety of processes such as the production of 

pigments and munitions (2). Due to improper storage, use, and disposal, nitroaromatic compounds are 

widespread pollutants of the environment. As a result, nitrobenzene, and 2,4-and 2,6-dintrotoluene 

have been included on the U.S. Environmental Protection Agency's list of priority pollutants (4). 

Biodegradation of aromatic compounds by aerobic bacteria usually begins with the initial 

oxidation of the compound by a dioxygenase enzyme, which catalyzes the incorporation of both atoms 

of molecular oxygen into the substrate. Only recently have aerobic bacteria been isolated that utilize 

nitroaromatic compounds as growth substrates (21, 22). One example is Comamonas sp. strain JS765, 

which can grow on nitrobenzene as the sole source of carbon, nitrogen, and energy. Previous 

experiments demonstrated that JS765 uses an oxidative pathway for the degradation of nitrobenzene, 

with the initial reaction catalyzed by a nitrobenzene dioxygenase enzyme system (7). Other 

nitroaromatic dioxygenase enzyme systems have been cloned and sequenced from aerobic bacteria, 

these include the 2-nitrotoluene dioxygenase enzyme system (2NTDOS) from Pseudomonas sp. strain 

JS42 and the 2,4-dinitrotoluene dioxygenase enzyme system (DNTDOS) from Burkholderia sp. strain 

DNT (1,6). However, strains JS42 and DNT are unable to grow using nitrobenzene as the carbon and 

energy source. The major objective of this research was to identify and characterize the nitrobenzene 

dioxygenase enzyme system (NBDOS) genes from Comamonas sp. strain JS765 with the objective of 

providing further insight into the structure/function relationship of dioxygenase enzymes and the 

evolution of nitroaromatic dioxygenases. 

1 The initial title of the AASERT-97 proposal was, 'Reconstitution of the 2-Nitrotoluene Oxygenase Component From its 
Individual a and ß Subunits.1 This work did yield useful data and Mr. Daniel J. Lessner's project was changed to 'Studies 
on Nitrobenzene Metabolism by a Comamonas sp. Strain JS765.' This change in project was communicated to AFOSR in 
1999. 
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1) Cloning of the Nitrobenzene dioxygenase enzyme system (NBDOS) genes from Comamonas sp. 

Strain JS765. 

Summary. The ability of the E. coli strain carrying the cloned nitrobenzene dioxygenase enzyme 

system to oxidize nitrobenzene to catechol with concomitant release of nitrite indicates that all the of 

the genes necessary to encode NBDOS activity were successfully cloned. The genes are located on an 

8881-bp EcöBl DNA fragment from Comamonas sp. strain JS765. Sequencing revealed eight open 

reading frames (Orfs). Four Orfs have high amino acid sequence homology to Orfs from Rieske non- 

heme iron dioxygenases, in particular 2-nitrotoluene dioxygenase from Pseudomonas sp. strain JS42 

(9). Results of this study are in preparation to be published. 

Cloning of the nbz genes. A DNA probe believed to be a fragment of the a-subunit of NBDO was 

generated by PCR using primers based on conserved sequences of known dioxygenase enzymes 

(NBDO probe produced by Glenn Johnson, Tyndall Air Force Base, Florida). Southern hybridization 

experiments demonstrated that the NBDO probe strongly hybridized to a ~8kb-£coRI fragment of 

JS765 chromosomal DNA. A partial genomic library was constructed using gel purified EcoKL- 

digested JS765 chromosomal DNA approximately 7-10 kb in size ligated into EcoRI-digested pUC18 

(24). Competent Escherichia coli DH5a (GTJ3CO-BRL laboratories, Gaithersburg, MD) cells were 

transformed with the gene library and plated onto Luria agar supplemented with 150 u.g/ml ampicillin. 

One recombinant, designated DH5a(pDTG925) demonstrated strong hybridization to the NBDO 

specific probe. Whole cell biotransformation assays with DH5cc(pDTG925) demonstrated that the 

strain was capable of catalyzing the oxidation of nitrobenzene to catechol, suggesting that all the genes 

(nbz) required for NBDOS activity were present on the pDTG925 plasmid. 

Sequence analysis of pDTG925. DNA sequencing was performed by the University of Iowa DNA 

sequencing facility. DNA sequence analysis of pDTG925 revealed that it consisted of a 8881-bp EcdRI 

DNA fragment inserted 'into the EcoRI site of pUC18. Sequence analysis of the EcoRl fragment 

revealed eight open reading frames (ORFs), with a partial restriction map shown in Figure 1. The amino 

acid sequences of the predicted polypeptides from four of the ORFs show high homology to the amino 

acid sequences of polypeptides from other known three component dioxygenase systems, in particular 

the 2-nitrotoluene 2,3-dioxygenase enzyme system (2NTDOS) from Pseudomonas sp. strain JS42. 

Based on amino acid sequence analysis, four of the proteins were designated NBDR (reductase), NBDF 

(ferredoxin), NBDOa, and NBDOp (oxygenase) with gene designations nbzAaAbAcAd. Comparisons of 

NBDOS amino acid sequence homology are shown in table 1. Based on amino acid homology, 



NBDOS is in the naphthalene/nitroaromatic dioxygenase family of enzymes. The reductase and 

ferredoxin components are identical in amino acid sequence to those in 2NTDOS, however NBDO„ and 

NBDOp are 95% identical. Also, a gene was found to encode a peptide with high homology to NahR, a 

regulatory protein involved in the regulation of the naphthalene degradation pathway genes (16,19). 

Another ORF was found to be 99% identical to a similar ORF with no known function from the ntd 

operon of JS42 (9,14). The seventh ORF encodes a protein with high homology to methyl-accepting 

chemotaxis proteins (MCP) from E. coll The last ORF encodes a protein with homology to transposase 

(Tn) enzymes from E. coli and Bacillus. 

Fig. 1. Partial restriction map of the 8.8-kb DNA fragment from Comamonas strain JS765 

Nitrobenzene dioxygenase enzyme system 

Conclusions. A gene cluster from Comamonas sp. strain JS765 encoding the nitrobenzene dioxygenase 

enzyme system was cloned and sequenced. NBDOS was found to be related to the 2-nitrotoluene 

dioxygenase enzyme system (2NTDOS) from Pseudomonas sp. strain JS42,2,4-dinitrotoluene 

dioxygenase enzyme system (DNTDOS) from Burkholderia sp. strain DNT, and naphthalene 

dioxygenase enzyme system (NDOS) from Pseudomonas sp. strain NCIB 9816-4 (9,20,23). A 

possible regulatory gene, which may play a role in NBDOS regulation, was found upstream of the nbz 

gene cluster. 
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Table 1. NBDOS amino acid sequence comparisons 

% Amno acid identity with NBDOS component 
Reductase     Ferredoxin     ISPcc     ISPß 

2-Nitrotoluene Dioxygenase (JS42) 100 

2,4-Ditrotoluene Dioxygenase (DNT) 91 

Naphthalene Dioxygenase (U2) 99 

Naphthalene Dioxygenase (9816-4) 67 

Chlorobenzene Dioxygenase (P51) 21 

Toluene Dioxygenase (PpFl) 21 

2-Nitrotoluene dioxygenase from Pseudomonas sp. strain JS42, Parales et al., 1996; 2,4-Dinitrotoluene 

dioxygenase from Pseudomonas sp. strain DNT, Suen et al., 1995; Naphthalene dioxygenase from 

Pseudomonas sp strain U2, Fuenmayor et al., 1998; Naphthalene dioxygenase from Pseudomonas sp 

strain 9816-4, Simon et al., 1993, and Parales and Gibson, 1994; Chlorobenzene dioxygenase from 

Pseudomonas sp. strain P51, Werlen and van der Meer, 1994; Toluene dioxygenase from 

Pseudomonasputida Fl, Zylstra and Gibson, 1989. 

2) Characterization of NBDO. 

Summary. NBDOS from JS765 is very similar in amino acid identity to other dioxygenase enzymes 

for which detailed substrate specificity studies have been performed (8,10,11,13). It appears that the 

substrate specificity of Rieske non-heme iron dioxygenases lies in the C-terminal portion of the 

oxygenase oc-subunit, based on mutagenesis studies and on the crystal structure of NDO (3, 8,13). In 

order to compare the substrate specificity of NBDO to related enzymes, a recombinant E. coli strain 

expressing NBDOS from a plasmid was constructed. This recombinant strain was used to perform 

whole cell biotransformations with the compounds indicated below. Results revealed distinct 

differences in the substrate specificity of NBDO compared to 2NTDO, DNTDO, and NDO. NBDO 

was also purified to near homogeneity 



Construction of recombinant E. coli strain for expression of NBDOS. Plasmid pDTG925 was 

digested with SacI and a ~5-kb DNA fragment containing nbzAaAbAcAd was isolated and ligated into 

Sacl-digested pUC18 (24). Clones were screened for proper orientation so that nbz gene cluster is 

downstream of the lac promoter. A positive cloned was identified and named pDTG927. pDTG927 

was transformed into E. coli DH5a. E. coli DH5a (pDTG927) was used for whole cell 

biotransformations. 

Analysis of Substrate Specificity. The ability of NBDO to oxidize various substrates was 

determined. The substrates examined were nitrobenzene, 2,3, and 4-nitrotoluene, and naphthalene. 

Whole cell biotransformations were performed using E. coli DH5a (pDTG927). Products were 

analyzed by thin-layer chromatography, gas-chromatography mass spectrometry (GC-MS), and chiral 

HPLC. Ratios of products formed as detected by GC-MS are compared to previously reported 

products formed by 2NTDO, DNTDO, and NDO shown in table 2. NBDO is able to oxidize 

naphthalene to naphthalene dihydrodiol with predominantly the (+)-(lÄ,25)-enantiomer formed. The 

largest differences in regiospecificity of mono or dihydroxylation were noted with the isomers of 

nitrotoluene. Based on the substrates tested, NBDO appears to have an altered substrate specificity 

compared to the related dioxygenases, 2NTDO, DNTDO, and NDO. The difference in substrate 

specificity is probably due to different arnino acid residues in the C-terminal portion of NBDO. 

TaHeZ Comparison*products formed by NBDO to closely related dtoxygenase enzymes. 
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Purification of NBDO. E. coliDE5a (pDTG927) was used to facilitate the purification of NBDO. 

NBDO was purified to near homogeneity using ion-exchange and hydrophobic interaction 

chromatography with activity and yields shown in Table 3. Polyacrylamide gel electrophoresis in the 

presence of sodium dodecyl sulfate revealed that NBDO is composed of a large (a) subunit and a small 

(ß) subunit with an o^ß,, configuration (Fig. 2). The absorbance spectrum of oxidized NBDO showed 

maxima at 560 (shoulder), 462, and 330 nm, which are characteristic properties of Rieske iron-sulfur 

clusters (15). Oxidized NBDO was reduced in the presence of NADH and catalytic amounts of 

reductase and ferredoxin from the 2-nitrotoluene dioxygenase system (2NTDOS). Reduced NBDO 

gave an electron-paramagnetic resonance (EPR) spectrum with signals at gx = 1.75, gy = 1.92, and gz = 

2.02, again typical of Rieske iron-sulfur clusters. NBDO activity was demonstrated by measuring 

nitrite release from nitrobenzene in the presence of NADH, ferrous iron, and purified reductase and 

ferredoxin components from the 2-nitrotoluene dioxygenase system from Pseudomonas sp. strain 

JS42. 

Table 3. Purification of Nitrobenzene Dioxygenase 

Purification Step Total protein 
(mg) 

Activity (U*) Specific Activity 
(U/mg protein) 

Yield 
(%) 

Crude cell extract 3750 80550 21.48 100 

Q-Sepharose 315 49140 156.67 61 

Butyl-Sepharose 15 9780 652.11 12 

* U= nmoles N02'/min.  Activity was measured by release of nitrite from nitrobenzene by NBDO in 

the presence of NADH and catalytic amounts of reductase2NT and ferredoxinjNr 



Conclusions. Using a recombinant E. coli strain expressing NBDOS it was demonstrated that the 

substrate specificity of NBDO is different from the related dioxygenases, 2NTDO, DNTDO, and 

NDO. Purified NBDO was shown to be active as demonstrated by the nitrite release assay. Oxidized 

NBDO has an absorption spectrum typical of Rieske iron-sulfur proteins. Oxidized NBDO was 

reduced in the presence of NADH, reductase2NT and ferredoxin2NT. 

12  3 4   5 

Fig. 2. SDS-PAGE analysis of samples taken during the purification of NBDO. Lanes 1 and 5: 

molecular weight standards (k-Da), lane 2: crude cell extract, lane 3: Q-sepharose, lane 4: butyl- 

sepharose. 

3) Analysis of NBDOS gene expression. 

Summary. Previous experiments with cell extracts indicated that expression of NBDOS in JS765 is 

inducible (7). In contrast, 2NTDOS expression appears to be constitutive, since a high level of cell 

extract activity was observed under all growth conditions (12). Interestingly, both of the proposed 

promoter sequences for the nbz and nfofoperons and the putative regulatory proteins identified in each 



strain are identical in both JS765 and JS42. Figure 3 shows a comparison of the proposed nbz/ntd 

promoters to the promoters for naphthalene degradation in P. putida G7. The high degree of similarity 

suggests a similar regulatory mechanism. It has been demonstrated in P. putida G7, which contains 

the Nah7 plasmid for naphthalene degradation, that salicylate induces expression of the naphthalene 

degradation genes and that NahR is required for induction (18,19). The regulatory proteins identified 

in JS765 and JS42 are 61% identical to NahR from G7. Gene reporter technology was used to 

determine if the regulation of NBDOS and 2NTDOS is at the transcriptional level and what inducers 

stimulate gene expression. 

** ****** * ** **** * ++ + +++ +++ +     +     + 
JS7 65   ATGCCTCACCÄTTATTCATGCTGGTGATTTTAACTATCAGACTTGATCTATÄGC^TATACCGATCGACGCGCCAGTATCCG 
JS42    ATGCCTCACCATTATTCATGCTGGTGATTTTAACTATCAGACTTGATCTATAGC^TATACCGATCGACGCGCCAGTATCCG 
G7Ml    c^CGGGCGCAATATTCATGT,TGATGATCTATTATATATC^ 
G7°a     GACGATTCGCAGTATTCÄCGCTGGTGATAAACAAATTCAACTATGCTTTATTGACAAATAAAAGCACGCTCACCATCATCG^ 

nah -35 -10 
Cons ensus       CGCA-TATTCA-G-TG-TGAT—A--A--T 
NahR binding 

Fig. 3. Sequence alignment of the naphthalene and nitroarene dioxygenase promoters. A consensus 
NahR binding sequence is shown below the alignment. Nucleotides in the NahR binding region that 
are conserved in all promoters are indicated by asterisks. Other conserved nucleotides in the region are 
indicated by plus signs. The -35 and -10 sites of the sal and nah promoters from P. putida G7 are 
underlined (17). Possible nitroarene dioxygenase -35 and  -10 sites that correspond to the G7 sites are 
also underlined. 

Construction of nbz/ntd-lacZ reporter strain. To analyze transcription of the nbz and ntd gene 

clusters the promoters of each operon were fused to the lacZ gene, which encodes ß-galactosidase . A 

240-bp PCR-generated DNA fragment containing the putative promoter and NahR binding site was 

ligated upstream of lacZ in the vector pTL61T to form pDTG930. Atal-digested pDTG930 was ligated 

to Afofl-digested pUTminiTn5-Gm to yield pDTG933. pDTG933 is a mobilizable vector containing an 

nbz/ntd-lacZ transcriptional fusion and a gentamicin resistance marker within the mini-Tn5. 

Introduction of pDTG933 into JS765 and JS42 was done by mating with E. coli S17-1 (pDTG933). 

Four transconjugants for both JS765 and JS42 that contained single Tn5 insertions at locations other 

than the nbz or ntd gene clusters and that showed growth on the respective nitroaromatic that was 

indistinguishable from that of wild-type were used for expression studies 



Analysis of lacZ expression in JS765 and JS42. To analyze lacZ expression in reporter constructs, 

cultures were grown in minimal media supplemented with succinate alone, succinate + salicylate, or 

succinate + nitroaromatic substrates. ß-Galactosidase activity was measured during logarithmic 

growth as outlined by Miller (5). Preliminary expression results are shown in Figure 4. It appears that 

both the nbz and ntd operons are inducible by their respective nitroaromatic substrates and salicylate. 

There is approximately alO-fold induction of the nbz operon with nitrobenzene and 40-fold with 

salicylate in JS765. In JS42 there is approximately a 5-fold induction with 2-nitrotoluene and 6-fold 

induction with salicylate. However, the background level of expression is much higher in JS42, 

roughly equal to the induced level in JS765. These results indicate that nbz and ntd gene clusters 

JS765 and JS42, respectively are induced in the presence of the nitroaromatic compound and 

salicylate. 
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Table 4. nbz.ntd-lacZ fusion activities in JS765 and JS42 under non-inducing and inducing conditions. 



Conclusions. Analysis of the gene reporter fusion suggests that both the NBDOS and 2NTDOS gene 

clusters are inducible in JS765 and JS42, respectively. However, it appears that the basal level of 

expression of 2NTDOS is much higher in JS42. This difference in basal expression could be due to 

differences in intrinsic promoter strength in JS765 and JS42. Also, salicylate was shown to be an 

inducer in both strains, suggesting that the regulatory machinery utilized for degradation of 

nitroaromatic compounds may have evolved from that of a naphthalene degrading organism. 
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